The Balkan pine (Pinus peuce) is a Balkan Peninsula endemic tree species, growing in high mountains of Bulgaria, Macedonia, Serbia, Montenegro, Kosovo, Albania, and Greece and forming pure and mixed stands in subalpine forests. The paper gives a survey of biodiversity of Balkan pine stands in the Rogów Arboretum in reference to environmental data. In the plots examined, 29 taxa of vascular plants, 29 taxa of macrofungi and 127 taxa of invertebrates were recorded. The revealed diversity is discussed with regard to the data from Pinus peuce natural habitats.
IntroductIon
The Balkan pine (Pinus peuce Griseb.), known also as Macedonian pine or Molika pine, is probably a relict that has survived severe contractions of its natural range due to the Alpine glaciations during the Pleistocene; it is a Balkan endemic tree species of the high mountains of Bulgaria, Macedonia, Serbia, Montenegro, Kosovo, Albania, and Greece. In general, the Balkan pine occurs up to the upper timberline and is of great importance for the subalpine forests of the Balkan Peninsula (Eckenwalder 2009 ). Natural Molika pine forests form zonal vegetation of the subalpine belt in some mountain chains (e.g. on Pelister), but there are also known pure stands of anthropo-zoogenic character resulting from succession on abandoned pastures or burnt areas (Horvat et al. 1974) . The natural range of the Balkan pine lies between 41º and 43º northern latitudes (Dimitrov 1980) . The species mostly forms pure stands, although it can also appear in mixed ones with the European silver fir (Abies alba) and the Norway spruce (Picea abies) in dense or more or less open mountain coniferous forests. The taxonomic position of Pinus peuce is still uncertain (Klaus 1989; Piovesan et al. 1993; Wang et al. 1999; Kaundun, Lebreton 2010) , since the Balkan pine successfully and spontaneously hybridizes with related pines. The Balkan pine is listed in the IUCN Red List of Threatened Species (IUCN 2010) , in the category of lower risk/near threatened. Its stands prevent soil erosion in high mountains (Blada, Popescu 2004) . Pejoski (1967) estimated Balkan pine total area in the Balkans, both in pure and in mixed stands, as 20 000 to 30 000 ha.
According to Farjon (2010) , Pinus peuce grows between ca. 600 and 2200 m a.s.l. and usually on silicate rocks. However, in Albania and Serbia, the Balkan pine is also found on serpentine. It grows on a variety of acidic to basic soil types usually poor in nutrients and derived from granite and sandstone. According to Horvat et al. (1974) it can also grow on limestone. In the north-western part of its range, the Balkan pine grows on rocky substrate (e.g. granites, gneiss, shales and schists, siliceous rocks and serpentine) (Mayer 1979 ). Soil types found beneath different plant associations formed by Pinus peuce on Mt. Pelister vary from acidic brown forest soils in the communities with Pteridium aquilinum at 1000-1600 m a.s.l., through grey-brown podzolics in the communities with Vaccinium myrtillus at intermediate altitudes, up to humic rankers in PinusJuniperus forest at 1800-2000 m a.s.l. (Georgiev 1970; Vilarov 1970 ). In the Central Balkans, Pinus peuce is found in the high-montane belt of forests with Abies alba (1800-2000 and 2000-2200 m a.s.l. depending on mountain range) and in the subalpine zone of individual trees of Pinus mugo and others (2200-2500 m a.s.l.).
Within natural range of this pine species, the climate is mainly of Mediterranean mountain type, since natural stands seldom occur below 1100 m a.s.l. (Em and Ðzekov 1970) . Extreme conditions in which Pinus peuce has been found are characterized by mean annual temperatures ranging from 4.3ºC to -3.1ºC and a short vegetation period from ca. 83 days to ca. 68 days and long lasting snow cover from 168 to 200 days with annual precipitation varying from 1050 up to 1228 mm (Raev 2005) .
The best growing Balkan pine stands are observed mostly in the areas with deeper soils at lower elevations (1300-1500 m a.s.l.). In these ecological conditions, trees may reach from 36 to 42 m in height and from 60 to 80 cm in diameter at breast height (Mayer 1979) .
In Macedonia, Balkan pines form pure stands on gentle mountain slopes, interspersed with meadows and grassy glades. In most areas where Pinus peuce occurs, it is mixed with Picea abies and/or Abies alba and Abies × borissi-regis, with which it competes for light, water, nutrients and space. In Bulgaria, the Balkan pine covers an area of 14 223 ha. In 2000, the total wood volume of Balkan pine stands in Bulgaria reached 4 198 000 m 3 . The stands of age classes V and VI occupied the largest area (6037 ha in total, 42.5% of all Balkan pine stands) with a growing stock of ca. 2 160 000 m 3 . The average volume of the Balkan pine forests in Bulgaria is 295 m 3 / ha, the average quality class is III (medium quality). The rotation period lasts 160 years (Alexandrov et al. 2004) . The average stand volume of the Balkan pine exceeds that of Norway spruce and is noticeably higher than that of Scots pine (Krstanov 1970) .
The Balkan pine is considered a pioneer tree species. The seedlings of this species are light-demanding, and while natural regeneration in mixed stands is mainly of spruce and silver fir, Pinus peuce natural regeneration is quite numerous mainly in larger gaps and less dense stands. Early growth of young trees is generally slow, even on favorable habitats (Lines 1985) . In general, on more fertile and lower sites, diameter growth of young Norway spruce and European silver fir trees is by and large greater than that of the Balkan pine. At the forest limit (ca. 2200 m a.s.l.), P. peuce develops a good stem and crown form, though the height of trees is comparatively reduced. According to Panayotov et al. (2010) P. peuce radial growth in the treeline belt (2000-2250 m a.s.l.) is limited in the years with dry and hot summers. P. peuce trees were found to be sensitive to previous summer temperatures. The trees that were studied in the cited paper grew on umbric and modic cambisols formed on granite bedrock. According to Krstanov (1970) Balkan pine most intensive height increment takes place between 20th and 40th year of growth, while the highest diameter increment at breast height is observed between 30th and 80th year. Moreover, the diameter and height increment declines considerably and almost ceases when trees are ca. 100 years old. Gogusevski and Parisko (1970) and Panić et al. (1970) revealed that annual volume increment of the Balkan pine reaches up to 8-9 m 3 /ha. Total yield of this species depends on site factors (Krstanov 1970) .
The Balkan pine, because of its relatively high tolerance against air pollutants, is suitable for afforestations in polluted areas, where other tree species (e.g. Norway spruce) have been damaged or even eliminated during recent decades (Lattke et al. 1987; Lattke 1998 ). The species shows good tolerance to SO 2 (Enderlein, Vogl 1966) .
MAterIAl And Methods
The study was conducted in two Balkan pine (Pinus peuce) experimental stands aged 40 (A) and 48 (B) years, situated in the Rogów Arboretum of the Warsaw University of Life Sciences (SGGW), Poland (51°49'N, 19°53'E). The detailed information for both stands is shown in table 1.
According to long-term meteorological observations (55 years) from the closest meteorological station in Strzelna, mean annual temperature equals 7.2°C (January: -3.2°C, July: 17.3°C), mean annual precipitation equals 596 mm (404-832 mm, with ca. 70% of annual precipitation in the growing season), and mean growing season length (calculated as the number of days with mean temperature ≥ 5°C) is 212 days (Bednarek 1993; Jagodziński, Banaszczak 2010 The study plots are situated on flat terrain ca. 189 m a.s.l. The soils within the area of the Arboretum are rich, mesic, with the groundwater level beyond the reach of tree roots (Czępińska-Kamińska et al. 1991; Jagodziński, Banaszczak 2010) . In the study area, haplic luvisoils forest soils with horizons O-A-Eet-Bt-C can be found. The average pH (in H 2 O) assessed for the upper soil layers of studied plots was as follows: Oll -4.48, Ol -5.17, Ofh -4.77, and A -3.52.
The aim of the study was determination of organisms from selected taxonomic groups which occur in the experimental plots to broaden knowledge of the species composition of exotic coniferous and broadleaves tree-stands. During the three-year study (2007) (2008) (2009) , vascular plants, mosses, and soil invertebrates (nematodes, mites and insects) were recorded and determined. Observations of macrofungi (mycorrhizal, saprotrophic and parasitic species, including Myxomycetes; corticioid taxa not included) were carried out in 2008-2010. The nomenclature of identified fungal taxa follows Index Fungorum (indexfungorum.org/Names/Names. asp). Vouchers of dried fungal materials have been deposited in the Herbarium Universitatis Lodziensis (LOD).
The list of the taxa found in Pinus peuce plots was compared with the list of taxa found in the control plot -the subcontinental oak-hornbeam forest Tilio-Carpinetum Traczyk 1962 calamagrostietosum, situated in the western part of the Arboretum and being a forest community developing naturally in the area. The upper layer of this stand is formed by Quercus petraea and Pinus sylvestris as well as Populus tremula; the lower tree layer and undergrowth is dominated by Carpinus betulus.
results
During the study 29 taxa of vascular plants, 29 taxa of fungi (including 2 myxomycete species), and 127 taxa of invertebrates were found in the examined Pinus peuce stands. No mosses occurred within the plots. In the control sites (Tilio-Carpinetum), species richness of the organisms studied was almost by a hundred taxa higher, with the relatively greatest difference in the group of fungi and the least -in invertebrates: 52 taxa of vascular plants and mosses, 67 taxa of fungi and 162 taxa of invertebrates were found there ( fig. 1) . The list of organisms found in Pinus peuce stands is given below. Pinus peuce Griseb., Quercus rubra L., Crataegus L. sp. 
Spontaneous vascular plants
Anemone nemorosa L., Calamagrostis arundinacea (L.) Roth, Carex digitata L., Carpinus betulus L., Chamae- nerion angustifolium (L.) Scop., Convallaria majalis L.,
Other insects
Heteroptera spp., Homoptera spp.
dIsscussIon
Pinus peuce is an element of montane to uppermontane (subalpine) pine forests in the south nemoral, montane geographic region in Europe (Neuhäusl 1990 ). The syntaxonomy of natural Balkan pine forests has been studied mainly in former Yugoslavia (Horvat et al. 1974) and Bulgaria. Numerous plant associations were assembled in a separate alliance Pinion peucis Horvat 1950 (Wojterski 1971 Tzonev et al. 2009 ). Even on the poorest habitats forests with the Balkan pine are characterized by a high number of more demanding species of Querco-Fagetea class (Horvat et al. 1974 The first thorough inventory of fungal sporocarps in Pinus peuce forests was carried out in the Pteridio-Pinetum peucis association, in pure pine and pine-fir stands on Mt. Pelister (FYR Macedonia) by Tortić (1968) , who listed 85 species of macromycetes. Among them, there were 18 mycorrhizal species associated undoubtedly with the Balkan pine, 10 species growing apparently on the litter and debris originating from that tree and 12 species inhabiting its wood. Later on, the region of Mt. Pelister became one of the best mycologically explored areas occupied by Pinus peuce. At present, 196 taxa of ectomycorrhizal fungi, 129 saprotrophic taxa growing on litter and soil, and 66 lignicolous taxa are known to occur in the Balkan pine forests in FYR Macedonia, under Pinus peuce, on its litter and debris and on its wood (Tortić 1987; Karadelev 1995; Karadelev 1998a; Karadelev 1998b; Karadelev 2000; Karadelev, Spasikova 2004 , 2006 Karadelev et al. 2007a; Karadelev et al. 2007b; Chavdarova et al. 2011; Karadelev, pers. comm.) . Also, there are some records from Pinus peuce forests in Bulgaria (G'Osheva, Bogoev 1985; Rossnew 1985; Dörfelt, Müsch 1987; Roussakova 2011) and Montenegro (Kasom, Karadelev 2012) .
Great majority of fungi that were mentioned by the above authors as found in association with natural stands of Pinus peuce are the species known for their occurrence also in other forests, especially in coniferous or mixed stands all over Europe. None of them can be ascribed as a species exclusively associated with the Balkan pine. This means that Pinus peuce is a species capable of forming symbiosis with a vast range of ectomycorrhizal fungi, and also the substrate formed of its litter and wood can be inhabited by a variety of different species showing different ecological preferences. In spite of that, only six species of ectomycorrhizal fungi were found in the Pinus peuce experimental plots in the Rogów Arboretum. Moreover, sporocarps of dozens of species that accompany the Balkan pine in its natural range were present in the neighboring stands; this phenomenon probably results from ecological incompatibility between the Balkan pine and most of ectomycorrhizal fungal strains living far away from its natural range (compare Bonfante et al. 1998) . Among the six ectomycorrhizal species found, four are the species that can associate with both coniferous and deciduous trees in the whole Northern hemisphere; two species, Lactarius aurantiacus and Boletus badius, typically form symbiosis with conifers, although they can be found also under deciduous trees. Interestingly, the latter species is the only one that has not been recorded in association with Pinus peuce within its natural range. It must be kept in mind that some of the ectomycorrhizal fungi found in the Balkan pine plots observed might have been associated also with other host trees scattered there (Carpinus betulus, Quercus spp.).
The number of saprotrophic species found in soil, litter and wood in the Balkan pine stands examined does not differ from the number found in the control plot. Although Pinus peuce products -wood, cones, needles -are rich in resins and resinous substances, and thus -more resistant to fungal decay (Lines 1985; Alexandrov, Andonovski 2011) , they are a substrate for relatively high diversity of saprotrophic fungi. Circa half of them are known to grow in association with Pinus peuce in natural sites as well, e.g., Auriscalpium vulgare, Hygrophoropsis aurantiaca, Hypholoma fasciculare, Lycogala epidendrum, Mycena epipterygia, Mycena sanguinolenta, Panellus mitis, Pholiota lenta, Rhodocollybia butyracea (both varieties), Stereum sanguinolentum, and Tapinella atrotomentosa.
In their natural sites, Balkan pines are known to suffer from a few fungal diseases, although they are more resistant than other conifer species (Tsanova, Rossnev 1974; Rossnev 1985; Karadelev 1998a; Karadelev 1998b; Tomanic et al. 1998; Alexandrov, Andonovski 2011) . The trees are attacked by macrofungal parasites like Heterobasidion annosum, Phaeolus schweinitzii, Armillaria mellea, Trametes pini, Polyporus spp., and Stereum spp. None of these species were recorded on Pinus peuce in the experimental stands examined, although the first three were present or even abundant on other tree species in the Arboretum. However, Dominik and Grzywacz (1998) reported the presence of Heterobasidion annosum and Armillaria mellea s.l. on Pinus peuce in Poland.
There are not many records on invertebrates biodiversity of Balkan pine forests. Hadzi-Ristova (1974) explored fauna of Lepidoptera (Noctuidae) which were not investigated in our research. During research on nematodes in Pinus peuce stands in the Pirin Mountains (Mincheva et al. 2008) , 58 genera were found, but these which were dominant in natural stands did not occur in the plots observed in the Rogów Arboretum. Two species of the genus Criconemella were found on Pinus peuce, during the research on parasitic nematodes in Bulgaria (Katalan-Gateva et al. 1991) and also these species were not present in our study plots. There are also papers containing data on particular insects found on the Balkan pine (Foit 2007; Scheurer 1991) .
